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Winiwarter made a precise report of Buerger disease in 1878 1) 134 years ago. In the beginning of the 20th century, Dr Leo Buerger and Professor Edgar V.N. Allen of Mayo Clinic, suggested that the core of Buerger disease is luminal infectious thrombus. 2, 3) We have reconfirmed this theory in our further investigations. For over five years, we studied images of pathology, all of Professor Allen's and Dr. Buerger's papers, many Japanese pioneers' papers and recent papers from all over the world.
Our hypothesis was based on one suggestion and three of our discoveries. Namely, in 1928, Allen and Brown suggested that oral infection may be a cause of Buerger disease. One of our discoveries was of a causative agent reported in 2005. Oral bacteria DNA from periodontal source were observed in arterial matter of 93% 4) of Buerger disease patients. In addition, we found the possible transportation system of the oral bacteria dwelling in the platelet, 5) and we also knew that the oral bacteria aggregates platelets very strongly. 5) A genetic study, 6) epidemiologic factors, 7) and an antibody titer study 8) supported our hypothesis.
AnImAl ExpErIEncE
In an animal model, rats developed a small arterial thrombus within 2 weeks or receiving an intravenous infusion of the oral bacteria (P .Gingivalis). After sacrificing the rats 2-4 weeks after finishing the IV, the thrombosed arteries showed a 50% positive rate of oral bacteria DNA (Fig. 1) . 9) HypotHEsIs Figure 2 10) shows the scheme of our hypothesis. Multiple species of oral bacteria, which are weak, easily enter the bloodstream from the venous angle in the neck via lymph vessels around the mouth. They stay alive in the platelets for more than one hour at minimum. Platelets are an ideal home because they like the anaerobic conditions and the iron. Simultaneously or soon afterward, strong platelet aggregation is induced. The aggregated mass reaches over 100 micrometers in vitro. 5) The embolic phenomenon is the principle of Buerger disease that was emphasized by Dr Buerger. 11) Distal areas such as the big toe or little toe are common targets of necrosis. Passing beyond the capillary, the oral bacteria touch the venous valve, which will be destroyed or will adhere to the venous lumen forming deep vein thrombosis. 12) Pathological studies suggest that the oral bacteria must enter the vaso vasorum or sympathetic nerve under the same mechanism. The results of these studies form the basis of our hypothesis.
smokIng And orAl condItIon
One hundred percent of Buerger patients have suffered from periodontal disease from a young age. Of those, 64% were at an advance stage (Fig. 3) . 4, 10) Cigarette smoking clearly worsens the periodontal condition as reported in several papers. [13] [14] [15] [16] The fact that periodontitis worsens the endothelial function was reported in the New England Journal of Medicine in 2007. 17) 
AngIogrApHIc FIndIngs And ArtErIAl occlusIon
Arterial occlusion seems to start from the toe or finger and presents as an embolic phenomenon as Dr Buerger clearly stated in his text book published in 1924. 11) Earlystage angiography shows distal or tip occlusion, which was mentioned by Japanese doctors 18, 19) as well as Dr. Buerger (Fig. 4) . Buerger disease is not only a foot and a hand arterial occlusive disease, but also a whole body arterial occlusive disease. Cerebral, coronary, visceral and generalized involvements were reported, 20) and more than 40 papers (in English) mention it. Our reports include the superior mesenteric artery occlusion, 21) the right gastric artery occlusion, 22) and the distal gastric arteries occlusion as shown below.
A case report: A 57 year-old male underwent a gastrectomy because of gastric cancer. The splenic and right gastric arteries demonstrated normal arterial structures, but half of the distal gastric arteries showed complete occlusion and recanalization in the thrombus site. The vein was patent and normal (Fig. 5) .
ImmunoHIstocHEmIcAl And InFlAmmAtory cHAngEs
From our hypothesis, immunohistochemical changes will be imagined in the intimal layer or internal elastic lamina, adjacent to the infectious thrombus. Several papers discuss this. 23, 24) We know that the infectious thrombus influences the surrounding layers. Also, it is very important to note that Buerger disease is completely different from other types of arteritis. Buerger disease only shows an inflammatory reaction in the thrombus and around the thrombus. The proximal patent site of the thrombus is free from the disease. On the other hand, the more typical types of arteritis such as Takayasu's, Kawasaki's or temporal arteritis show all layer inflammation in all layers, even in the patent region (Fig. 6) . Steroid therapy is not effective in Buerger disease. This is a big difference from the above-mentioned types of arteritis.
collAtErAl cIrculAtIons
One characteristic finding is rich collateral circulation in the chronic phase. This collateral growth mechanism is achieved by the healthy or pure thrombus. The corkscrewtype of collateral pathway around the original arteries is typical. This collateral system growing mechanism is relatively easy to explain as follows.
In the acute phase, infectious thrombus is mixed with microabscess or giant cells. Bacteria that passed through the capillary network adhere to the venous valves, break the valves, and /or cause the deep vein thrombus. On the other hand, in the chronic phase, as all of the inflammation settles down, the vasa vasorum or recanalized vessels become increasingly larger to make the corkscrew-type collateral (Fig. 7) . 25) Varicosity also occurs. This verifies that inflammation does not occur in the chronic phase.
sympAtHEctomy And sympAtHEtIc nErvE
A sympathectomy is effective for a long period. Figure 8 shows the degenerative change of the sympathetic nerve localized around the vaso vasorum. It is suspected that the nerve is also damaged by the scattered oral bacterial infection.
Pain caused by ischemic neuritis is experienced clinically even after restoration of the arterial flow. On the other hand, Dr. Hachisuka observed regeneration of the nerve in the thrombus. 26) This seems to be present along with the recanalized vessels. The spasm of collateral vessels is caused by the stimulation of the occluded blood vessels. This was Leriche's hypothesis, and it seems to be correct.
smokIng cEssAtIon And dEntAl condItIon
Smoking cessation improves the patient's clinical and dental condition. This has been described in several papers. 27, 28) Smoking worsens the oral infection. There are minimum blood count and blood chemistry changes, 29) and no peculiar markers are found. Precise pathological observation has revealed that Buerger disease is not an all-layer arteritis. Steroids are not effective. Thrombus with microabscesses disappears soon; only in the very acute phase are the CRP, WBC, platelet, serotonin, or cytokine changes seen. 30) 
IntEnsIty oF tHE dIsEAsE In EAcH pErson
The intensity of the disease is different in each person. This is shown in our paper that reported the synergistic contribution of CD14 and HLA loci in the susceptibility to Buerger disease (Fig. 9) . 6) You can see that the odds are very high with each combination.
How to dEtEct tHE orAl BActErIA
It is impossible to detect the bacteria with a standard culture. We detect it using the PCR method, 31) which is well established. This will detect the DNA whether the bacteria is dead or alive. Oral bacteria are strictly anaerobic so they can't survive a long time in the artery or vein. We announced this new discovery in our paper on the study of Buerger disease 4) that appeared in the Journal of Vascular Surgery in 2005.
rEductIon oF BuErgEr dIsEAsE pAtIEnts
The disease is not prevalent in modern, developed countries 32, 33) and even appears to be decreasing in North America, western Europe, parts of South Asia, Korea and Japan. 34) The cause seems to be a reduction in smoking among the general population.
Mayo Clinic data showing the reduction in the number of patients is seen in Fig. 10 . The past four decades have seen a decline. This trend holds true in Japan as well, but there is a 20 years gap in the data between the two countries. The U.S. data started from 1950, and the Japan data started from 1970. It is an interesting that the Ministry of Health recommended gingival brushing 45 years ago in Japan. 35) pHlEBItIs mIgrAns Dr Buerger emphasized the presence of the phlebitis migrans in the disease. 36) The hypothesis states that a periodontal bacterial infection passing through the valve region will result in phlebitis migrans or vein incompetence. 10) Phlebitis migrans appeared in clinical practice, in 40% of the cases.
A case report: A 41 year-old male. Onset at age 39 with a right toe ulcer and IC. A heavy smoker for 25 years. Very poor dental condition; gingivitis in the gums and had no molars. No other atherosclerotic factors were present. There was phlebitis migrans along with GSV (great saphenous vein). Occlusion of the GSV occurred in the same area that had redness (Fig. 11) . Angiography showed typical Buerger disease with right SFA (superficial femoral artery) and distal popliteral arterial total occlusion. A big toe ulcer was present (Fig. 12) . We found the oral bacteria DNA in the phlebitis migrans samples 10) and also in the primary varicose veins. 37) However, patients who take care of themselves can engage in sports. Four of our patients are now enjoying skiing.
conclusIon
All previous studies and clinical course are well explained by our hypothesis.
